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Foreword

I SO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(1SO member bodies). The work of preparing International Standards is normally carried out through 1SO tech-
nical committees. Each member body interested in a subject for which atechnical committee has been estab-
lished has the right to be represented on that committee. International organizations, governmental and non-
governmental, in liaison with SO, also take part in the work. SO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3
Draft International Standards adopted by the technical committees are circulated to the member bodies for vot-
ing. Publication as an International Standard requires approval by at least 75% of the member bodies casting a

vote.

In other circumstances, particularly when there is an urgent market requirement for such documents, a technical
committee may decide to publish other types of normative document:

— an SO Publicly Available Specification (ISO/PAS) represents an agreement between technical expertsin an
I SO working group and is accepted for publication if it is approved by more than 50 % of the members of
the parent committee casting a vote;

— an SO Technical Specification (ISO/TS) represents an agreement between the members of a technical
committee and is accepted for publication if it is approved by 2/3 of the members of the committee casting a
vote.

An ISO/PAS or ISO/TS isreviewed every three years with a view to deciding whether it can be transformed into
an International Standard.

Attention is drawn to the possibility that some of the elements of this part of 1SO 18876 may be the subject of
patent rights. 1SO shall not be held responsible for identifying any or all such patent rights.

ISO/TS 18876-2 was prepared by Technical Committee |SO/TC184, Industrial automation systems and integra-
tion, Subcommittee SC4, Industrial data.

This International Standard is organized as a series of parts, each published separately. The structure of this In-
ternational Standard is described in 1SO 18876-1.

A complete list of parts of 1SO 18876 is available from the Internet:

<http://ww.isol8876.org/parts. htm >

Annex A forms anormative part of this part of 1SO 18876. Annexes B, C, D, and E are provided for information
only.

© 1SO 2001 — All rights reserved v
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0 Introduction

0.1 Overview of ISO 18876

This International Standard establishes an architecture, a methodology, and other specifications for integrating of
industrial data for exchange, access, and sharing. Together these support the following activities:

— integrating data which may be:
— from different sources or different contexts,
— described by different models, or
— defined in different modelling languages;
— sharing data among applications through system integration architectures;
— resolving conflict between models developed with different objectives,
— trangdlating data between different encodings;
— trandating models between different modelling languages.
The components that support these activities include:
— integration models;
— methods for creating, extending, and updating integration models;

— methods for creating a mapping specification to map data instances between an integration model and an
application model that falls within its scope;

— encoding and decoding of data and models with different formats, such as SGML [1], XML [12], EXPRESS
[3], UML [10] and ISO 10303-21 [6];

— methods for consolidating data sets from different sources and different models ;
— appropriate modelling and mapping languages.

SO 18876-1 provides an overview of the architecture and methodology of this International Standard.

0.2 Organization of this part of ISO 18876
The organization of this part of SO 18876 is as follows:
— clause 1 specifies the scope and field of application of this part of 1SO 18876;

— clause 2 identifies additional standards that, through referencesin this part of 1SO 18876, constitute provi-
sions of this part of 1SO 18876;

— clause 3 defines terms used in this part of 1SO 18876;

— clause 4 describes a number of usage scenarios for the application of the methods defined in this part of 1SO
18876;

Vi © 1SO 2001 — All rights reserved



ISO TC184/SC4/WG10 N338 ISO/CD TS 18876-2

— clause 5 specifies the methods for integrating application models, and is supported by a detailed activity
model presented in Annex B.

The methods specified in clause 5 are independent of modelling languages, mapping languages, and particular
integration models. Annex C provides a checklist that can be used to ensure that all required stagesin the inte-
gration and mapping process have been follows. Annex E references a number of worked examples that illustrate
the methodology defined by this part of 1SO 18876 to models defined in 1SO 10303-11 EXPRESS [3] and map-
ping specifications defined in SO 10303-14 EXPRESS-X [5].

0.3 Target Audiences

The target audience for this document is modellers, analysts, systems integrators, and systems developers with a
need to integrate application models across a range of systems and/or enterprise functions. The target audience
for the Introduction to this document is technical managers responsible for integration projects with a need to
assess the applicability of this standard.

0.4 Conventions

This part of 1SO 18876 includes provisions that indicate requirements strictly to be followed in order to conform
to the standard. Such provisions are indicated through the use of the words “shall” and “shall not”. This part of
1S018876 also includes provisions that indicate that among several possibilities one is recommended as particu-
larly suitable. Such provisions are indicated through the use of the words “should” and “should not”. Additional
material that illustrates the provisions of this part of 1SO 18876 is presented in the form of notes, examples, and
in the informative annexes B, C, D, and E.

© 1SO 2001 — All rights reserved vii
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Industrial automation systems and integration —
Integration of industrial data for exchange, access, and
sharing —

Part 2:

Integration and mapping methodology

1 Scope

This International Standard establishes an architecture, a methodology, and other specifications for integrating
industrial data for exchange, access, and sharing. Together these support the following activities:

— integrating data which may be;
— from different sources or different contexts,
— described by different models, or
— defined in different modelling languages;
— sharing data among applications through systems integration architectures;
— resolving conflict between models developed with different objectives,
— tranglating data between different encodings;
— trandlating models between different modelling languages.
This part of 1SO 18876 specifies methods for the following:
— creating and extending integration models;
— evauating and selecting an integration model that can integrate two or more application models;

— creating an application model that is a constrained subset of an integration model to support particular ap-
plication domain requirements for exchange, sharing, or both;

— creating amapping specification between an application model and an integration model.

The following are within the scope of this part of 1SO 18876:

— modelling language independent methods for creating and extending an integration model;

— methods for integrating an application model with an integration model;

— mapping language independent methods for mapping an application model to an integration model;

— criteriafor the selecting modelling languages and mapping languages that can be used within the specified
methods for integration and mapping.

The following are outside the scope of this part of 1SO 18876:

© 1SO 2001 — All rights reserved 1
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— the structure and content of particular integration models;
— methods for creating and extending particular integration models;
— methods for mapping application models to particular integration models.

NOTE  The specific methods that apply to mappings between particular application models and integration models de-
pend on the modelling paradigm(s) applied and on the structure and content of the models.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provi-
sions of this part of 1SO 18876. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged
to investigate the possibility of applying the most recent editions of the normative documents indicated below.
For undated references, the latest edition of the normative document referred to applies. Members of 1SO and
IEC maintain registers of currently valid International Standards.

I SO/IEC 8824-1:1994, Information technology — Open systems interconnection — Abstract syntax notation one
(ASN.1) —Part 1: Specification of basic notation.

1SO 10303-1:—Y, Industrial automation systems and integration — Product data representation and exchange
— Part 1: Overview and fundamental principles.

ISO 18876-1: —?, Industrial automation systems and integration — Integration of industrial data for exchange,
access, and sharing — Part 1: Architecture overview and description.

3 Terms, definitions, and abbreviations

3.1 Terms and definitions

For the purposes of this part of 1SO 18876, the following terms and definitions apply; those taken or adapted
from SO 10303-1 and I SO 18876-1 are repeated below for convenience.

NOTE 1 Definitions copied verbatim from other standards are followed by areference to the standard in brackets, such as
“[1SO 10303-1]". In these cases the definition in the referenced document is normative; its repetition here is informative and
in the case of any discrepancy the definition in the referenced document has precedence. An explanatory note follows defini-
tions that have been adapted from other standards. In these cases the definition given here is normative for the purposes of
this part of 1SO 18876.

NOTE 2 A glossary of terms and definitions used in this International Standard is available on the Internet:

<http://ww.isol8876.org/ gl ossary. htnl >

311
application model (AM)
model that represents information used for some particular purpose

NOTE Some application models are also integration models (see 3.1.14).

9 To be published. (Revision of 1SO 10303-1:1994)

2 To be published.

2 © 1SO 2001 — All rights reserved
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[1SO 18876-1]

312
class
collection to which some significance is attached

EXAMPLE Pump, power station, engineer, and fictional space vehicle are examples of classes.
[ISO 18876-1]

3.13
concept
general notion or idea of something

[1SO 18876-1]

314
construct
structure of data together with its intended meaning

3.15

data

representation of information in aformal manner suitable for communication, interpretation, or processing by
human beings or computers

[ 1SO 10303-1]

3.1.6
data model
definition, structure, and format of data

[1SO 18876-1]

317
derived concept
concept in an integration model that is wholly defined in terms of primitive concepts

[1SO 18876-1]

3.18
encoding transfor mation
transformation of the way data elements are represented for computer processing

EXAMPLE Conversion of data governed by an EXPRESS schema from an 1SO 10303-21 file to an XML document is an
example of an encoding transformation.

[1SO 18876-1]

3.19

foundation concept

primitive concept that determines the underlying world viewpoint of an integration model
EXAMPLE The concepts of class and individual are foundation concepts for a general integration model.
[1SO 18876-1]

3.1.10

general concept
primitive concept that is has very wide applicability, but is a specialization of some foundation concept

© 1SO 2001 — All rights reserved 3
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NOTE  Theboundary between afoundation concept and a general concept may be arbitrary; some concepts may be
thought of as both foundation concepts and general concepts.

[1SO 18876-1]

3111
individual
thing that existsin space and time

NOTE  Thisincludes thingsthat actually exist, or have existed, and things that possibly exist in the past, present or fu-
ture.

EXAMPLE The pump with serial number ABC123, Battersea Power Station, Sir Joseph Whitworth, and the Starship
“Enterprise” are examples of individuals.

[1SO 18876-1]

3.1.12
information
facts, concepts, or instructions

[1SO 10303-1]

3.1.13
integration
activity that creates, modifies, or extends an integration model

[1SO 18876-1]

3.1.14
integration model (IM)
application model that can represent the information that is represented by two or more application models

[1SO 18876-1]

3.1.15

mapping

association of a set of elements of amodel with a set of elements of another model
NOTE1 A mapping can be uni-directiona or bi-directional.

NOTE 2 A mapping isthe result of apply a mapping specification to particular models.

3.1.16

mapping specification

specification of the transformations necessary to take information according to one data model and represent the
same information according to another data model

NOTE 1 A mapping specification can include data structure transformations, data val ue transformations, data encoding
transformations, and terminology transformations.

NOTE 2 Mapping specifications can be procedural, or declarative, or acombination of these.
[ISO 18876-1]

3.1.17

model

limited representation of something suitable for some purpose

[1SO 18876-1]

4 © 1SO 2001 — All rights reserved
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NOTE A model can be data, or adata model, or a combination of these. See Annex D for further discussion of the rela-
tionship between models, data, and data models.

3.1.18

model context

sum of constraints that limit the possible extension of a model without changing any existing declarations
NOTE  Thistermismore general than application context as defined in 1SO 10303-1.

[1SO 18876-1]

3.1.19
model scope
range of information that an application model can describe

[1SO 18876-1]

3.1.20
primitive concept
concept in an integration model that is not wholly defined in terms of other concepts

[1SO 18876-1]

3121
specific concept
primitive concept that is a specialization of some general concept and has a limited range of applicability

EXAMPLE Car, process plant, quark, purchase order, and XML document are examples of specific concepts.

NOTE  Theboundary between agenera concept and a specific concept may be arbitrary; some concepts may be thought
of as both genera concepts and specific concepts.

[1SO 18876-1]

3.1.22
structural transformation
transformation of the structure of data

NOTE  Thechangein structure could be to the rearranging of attributes, the splitting of attributes across entity data
types, or the creation of new attributes.

3.1.23

terminology transfor mation

transformation of the term used to refer to athing

NOTE  Thiscould be between synonymsin one language, or between different |anguages.

3.1.24

transformation

change of form

3.1.25

view

constrained representation of a data model

3.2 Abbreviations

For the purposes of this part of 1SO 18876, the following abbreviations apply:

© 1SO 2001 — All rights reserved 5
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AM application model

IM integration model

4 Usage scenarios

The methodology defined in this part of 1SO 18876 is designed to meet requirements typified by the following
usage scenarios:

— integrating two or more existing application models (see 4.1);

— integrating one or more existing application models with an existing integration model (see 4.2);
— defining an application model and its mapping to an integration model (see 4.3);

— integrating an application model with more than one integration model (see 4.4);

— improving an integration model (see 4.5).

4.1 Integrating application models

This component of the methodol ogy integrates two or more application models by creating an integration model
that is capable of representing all of the concepts and constraints of the application models. Such an integration
model supports the communication of data between applications and users that operate using the application
models.

This requirement and its solution areillustrated in Figure 1 below.

+7 modelling s,
14 .
\ paradigm & )
\ . .

~._ principles .-

~ -

———p--
1
|
integration
model
mapping
specifications
application application application application
model model, model, model,
input output

Figure 1 — Creating an integration model that integrates two application models
Theinputs to the activity are asfollows:
— two or more application models;

— the modelling paradigm and principles chosen for the creation of integration models.

6 © 1SO 2001 — All rights reserved
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NOTE  Theuse of such principlesis an important criterion in determining the future extensibility and reuse of an integra-
tion model.

The outputs of this activity are as follows:
— anintegration model that represents the concepts and constraints of the input application models;

— mapping specifications that represent the relationships between constructs of each application model and
their corresponding subsets of the integration model.

The mapping specifications include any constraints that apply for the application models. The subset of the inte-
gration model that corresponds to each application model includes concepts that are not explicit in the applica-
tion model and have been discovered during the integration process.

4.2 Integrating application models with an integration model

This component of the methodol ogy integrates one or more application models and an existing integration
model. The purpose of this activity may be either or both of the following:

— integrating the application models;

— improving the quality of the application models by representing their concepts and constraints in a more
consistent and extensible form and structure.

The nature and results of this activity depend on the nature of the integration model and the other application
models that are to be integrated. This subclause describes the scenario in which the context of the application
models to be integrated is covered by the context of the integration model.

NOTE1 See4.5 for adescription of the scenario in which the context of the application models to be integrated is not
covered by the context of the integration model.

This requirement and its solution areillustrated in Figure 2 below;

.7 modeling "~
Y ) AY
1 paradigm & )
\ . .

~._ principles .~

~ -

TTer
1
1
:
integration extended :
model integration model :
1
AM, AM, AM, AM; AM, AM,
input output

Figure 2 — Integrating an application model with an existing integration model

Theinputs to the activity are asfollows:

© 1SO 2001 — All rights reserved 7
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— an existing integration mode!;

— one or more application models that are integrated with the integration model, including the mapping speci-
fications that relate each application model to its corresponding subset of the integration model;

— the modelling paradigm and principles used to create the integration model — these also determine how the
integration model is extended to meet the requirements of the application model.

The outputs of the activity are as follows:

— an extended integration model (if the input integration model does not precisely satisfy the requirements of
the application models);

NOTE 2 Extensionsto an integration model do not make any change to the input integration model. The scope of the
integration model isincreased; its context is not changed.

— amapping specification that represents the relationships between constructs of the application models and
the corresponding subsets of the extended integration model;

— improvements to the application model (if appropriate).

4.3 Defining an application model and its mapping to an integration model

This component of the methodology creates an application model together with its mapping to an integration
model. The purpose of this activity isto enable use of the integration model in order to achieve integration
amongst applications or acommunity of users that have common information requirements.

This requirement and its solution areillustrated in Figure 3 below.

.7 modeling "~
’ . N
1 paradigm & )
N . .

~._ principles .~

~ -

S ——
1
1
:
integration extended :
model |M integration model :

1
mapping
specification

infqrmation application
requirements model
input output

Figure 3 — Creating an application model and its mapping to an integration model
Theinputs to the activity are asfollows:
— information requirements, described by one or more of the following:

— existing data;

8 © 1SO 2001 — All rights reserved
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— existing data models;
— usage scenarios,
— paper documents and forms;
— results of interviews with users;
— existing applications.

— an exigting integration mode!;

— the modelling paradigm and principles used to create the integration model — these also determine how the
integration model is extended to meet the stated information regquirements.

The outputs of the activity are as follows:

— an extended integration model (if the input integration model does not precisely satisfy the stated informa-
tion requirements);

— an application model that satisfies the stated information requirements and is mapped to the integration
model;

NOTE The application model may use the structure and/or the terminology of the integration model. If it uses both,
then it isidentical to a subset of the integration model and the mapping between them istrivial.

— amapping specification that represents the relationships between constructs of the application model and the
corresponding subset of the extended integration model.

4.4 Integrating an application model with two or more integration models

An application model need not be integrated with only one integration model. As shown in Figure 4 below an
application model can be integrated with two or more different integration models.

Theinputs to this activity are as follows:
— one or more application models;
— two or more integration models with which the application models are to be integrated,;

— the modelling paradigm and principles used to create the integration models.

© 1SO 2001 — All rights reserved 9
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/7" modelling /7" modelling
1 paradigm & principles ) 1 paradigm & principles )
. foriMp oo forim, 7
AR T AR TS
\ /
\ /
\ 4
\ /
integration integration integration integration
mode! IM, mode! IM, model IM; model IM,,
mapping
specifications
application application
model AM model AM
input output

Figure 4 — Integrating an application model with mor e than oneintegration model

For an application model to be integrated with two or more integration models, the following conditions shall be
satisfied:

— the context of the application model must be covered by the context of each integration model;

— the scope of the application model must be covered by the scope of each integration model, which may be
extended to meet this requirement.

Integration with each integration model depends on the modelling principles and paradigm that apply to the de-
velopment and extension of that integration model.

The outputs of the activity are asfollows:

— extended integration models (if one or more of the input integration models do not precisely satisfy the re-
quirements of the application model);

— mapping specifications that represent the rel ationships between constructs of the application model and the
corresponding subsets of the each of the integration models;

— improvements to the application model (if appropriate).

4.5 Improving an integration model

This aspect of the methodology creates a new integration model in the case that an existing integration model
does not satisfy the requirements of an application model, and cannot be extended to do so. This situation arises
when the context of the integration model is insufficiently broad to meet the needs of the application models that
areto beintegrated. Thisinsufficiency may be observed as constraintsin the structure of the integration model
that do not apply for one or more application models that are to be integrated.

This requirement and its solution areillustrated in Figure 5 below.
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Figure 5 — Improving an integration model
Theinputs to this activity are as follows:
— an existing integration model;

— one or more application models that are integrated with the integration model, including the mapping speci-
fications that relate each application model to its corresponding subset of the integration model;

— oneor more further application models that are to be integrated but whose requirements cannot be satisfied
using the existing integration model.

The outputs of the activity are asfollows:
— anew integration model that has a broader context than that of the original integration model;

NOTE This new integration model may have to be devel oped on the basis of a more genera modelling paradigm that
that used for the original integration model.

EXAMPLE Anintegration model that uses associations to represent and manage change may not be capable of
integrating all application models of interest. A change of modelling paradigm is required to develop an integration
model that can satisfy awider set of requirements. An integration model based on spatio-temporal extents can represent
and manage change for awider range of application models than one based on associations.

— amapping specification that represents the relationships between constructs of the original integration
model and the corresponding subset of the new integration model;

— mapping specifications that represent the relationships between constructs of each application model and
their corresponding subsets of the new integration model.

The scenario depicted in Figure 5 results in the creation of a mapping specification from the initial integration

model to the new integration model. Thisimplies that in order to migrate data from application model AM; to
application model AM,, it is necessary to consider three mappings:. that from AM; to the original integration
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model, that from the original integration model to the new integration model, and that from AM,, to the new inte-
gration model. Technical or economic considerations may result in an aternative approach, as shown in Figure 6
below. Here mapping specifications are defined between the initial integrated application models AM; and AM,
and the new integration model. This reduces the number of mapping specifications to be considered for pairwise
combinations of application models, at the expense of additional analysis and mapping effort.
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model integration model
AM, AM, AM AM, AM, AM
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Figure 6 — Alternative mappingsto an improved integration model

5 Methods for integrating application models

This clause presents the methods that shall be applied in order to integrate application models. These are divided
into four stages:

— analysis of the application model and other information requirements;

— extension of the integration model (if required);

— identification of the subset of the integration model that corresponds to the application model;

— definition of a mapping between the application model and the identified subset of the integration model.

Each stage is characterized by the necessary preconditions, a description of the methods to be applied, and the
post conditions that determine the successful application of the methods.

NOTE  An activity model for the integration processis shown in Annex B.

5.1 Analysis of the requirements
The purpose of this activity isto identify an integration model that is suitable for integrating the application

model(s) of interest, and to determine how the concepts that are represented by the application model(s) are re-
lated to the concepts of the chosen integration model.
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5.1.1  Preconditions

5.1.11 Application model

The following preconditions apply to analysis of application models:

— definitions, diagrams, and other specifications that describe the application model shall be available;

— example data populations that illustrate usage of the application model shall be available;

— application domain experts shall be available to provide information about the use of the model in different

implementations.

NOTE  Additiona information supplied by application domain experts is often needed to fully understand the context of
the application model and to ensure that thisimplicit information is explicitly represented in the integration model or in the

application model’ s mapping specification.

5.1.1.2 Modelling languages

No specific preconditions apply to the modelling languages used to describe application models. The documen-

tation that describes an application model should state any assumptions, usage practices, or other supporting
information that characterizes the way in which a modelling language represents the model.

NOTE 1 Although desirable, thisinformation may not be available for some application models. Analysts should therefore

be familiar with different usage practices for modelling languages.

NOTE 2 In the absence of explicit documentation of the usage practices applied, analysts should not assume that a model-

ling language has been applied consistently within the description of an application model.
5.1.2 Method description

The methods that apply to analysis of requirements are as follows:

— selection of an integration mode!;

— analysis of application model concepts.

5.1.21 Selection of an integration model

Although creation of an integration model that solely integrates two or more integration modelsis possible (see

4.1) amore common requirement is to integrate one or more application models with an existing integration
model (see 4.2). The following criteria apply to the selection of a suitable integration model.

— Theintegration model chosen shall have a model context that includes the model context of the application

model(s) being integrated.

NOTE1 If the model context of an application model is not wholly contained in the model context of an integration

model, then the integration model cannot integrate all the concepts represented in the application model (s) without

change to the integration model.

NOTE?2  SeeAnnex D.2 for adiscussion of the techniques that can be used to determine the model context of an ap-

plication moddl.

— If morethan oneintegration model is available with a suitable model context, the integration model chosen

should have amodel scope that is closest to or overlaps with that that of the application model(s) to be inte-
grated. If more than one application model isto be integrated the scope to be considered is the union of the
model scopes of the application models.

NOTE 3  Choice of an integration model whose scope overlaps with that of the application model(s) to be integrated
islikely to simplify the integration process and to reduce the need for extension of the integration model.
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NOTE4  Anaysisof application models that have already been integrated with a candidate integration model, and
their associated mapping specifications, is good practice for determining overlaps of scope. Similarly, anaysis of the
derived concepts that are explicitly represented in an integration model is good practice for determining overlaps of
Sscope.

5.1.2.2 Analysis of application model concepts

Thisanalysisisillustrated in Figure 7 below.

analysis of application
model concepts

. . 4 > . .
application integration
model concepts model concepts
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Figure 7 — Analysis of application model

The nature of these relationships varies considerably, depending on the nature of the models involved. Some or
all of the following relationship types may be recognized during this analysis:

14

synonyms: the same concept exists in the application model (s) and the integration model, but one or more of
the model uses a different name for the concept;

homonyms: concepts exist within one or more of the application model (s) and the integration model that
have the same name but have different meanings;

identical concepts: the same concept exists in the application model and the integration model, has precisely
the same meaning, and has the same structure and constraints in both cases;

compatible concepts: the same concept exists in the application model and the integration model, has the
same meaning, but has different structure or constraints that are not contradictory;

incompatible concepts: the same concept exists in the application model and the integration model, has the
same meaning, but has different structure or constraints that are contradictory;

complex concepts (in the application model): a group of one or more concepts in the application model cor-
responds to one or more concepts in the integration model;

EXAMPLE1 An application mode includes the concept “red car” and is mapped to an integration model that
represents as separate concepts “red (thing)” and “car”. The application model concept is represented by a combination
of the two integration model concepts.

EXAMPLE 2  An application modd includes an entity data type called product which can represent either
individual manufactured items (identified by serial numbers) or classes of manufactured items (identified by part
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numbers). If these are recognized as separate concepts in the integration model as physical_object and
class of_physical_object, then instances of product in the application model can correspond to instances of both
concepts in the integration model.

— partitioned concepts (in the application model): two or more concepts in the application model correspond
to asingle general concept in the integration model.

EXAMPLE 3  An application model contains entity data types called customer and supplier. These may both
correspond to agenera entity data type in the integration model called organization.

Lastly, it is possible that a concept within the application model has no equivalent within the integration model.

In this case it is necessary to develop extensions to the integration model so that a subset of the integration model
with precise semantic equivalence to the application model can be identified.

5.1.3 Post conditions

On completion of the process of analysing the application model requirements the following post conditions
shall be satisfied.

— Either an existing integration model has been selected or it has been determined that no existing integration
model can meet the requirements stated in the application models.

— If an existing application model has been selected, an initial evaluation of this model has determined
whether it can:

— be used without modification,
— be used with suitable extensions, or
— be used as the basis for a new integration model.

— Inthe second and third cases above, voids that have been discovered in the integration model have been
identified.

— The semantic relationships that have been discovered between the concepts of the application model and the
integration model have been documented.

5.2 Defining and extending the integration model

If the analysis activity described in 5.1 discovers that one or more of the concepts represented in the application
model have no precise equivalent in the integration model, the latter shall be extended before the subsetting and
mapping activities can be completed.

NOTE  Thediagramsin this subclause depict only one application model and its relationship to an integration model.
Thisis done for reasons of clarity only; it is assumed that the integration model exists and already integrates two or more
other application models.

5.2.1  Preconditions

5.2.11 Integration model

The characteristics of integration models are described in SO 18876-1, 5.1.2.
The following preconditions apply to a selected integration model.

— definitions, diagrams, and other specifications that describe the integration model shall be available;
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— examples of application models that have been integrated with the integration model, and their associated
mapping specifications, shall be available;

— the analysts undertaking the integration shall be familiar with the integration model and with its use to inte-
grate application models.

— computer toolsthat represent the integration model and support creation of mapping specifications should
be available.

5.2.1.2 Modelling languages

The modelling language used to specify an integration model shall be capable of representing models with the
characteristics specified in SO 18876-1, 5.1.2. In addition, the following requirements on modelling languages

apply.
— Themodelling language shall have capabilities to represent both classes and instances within a single model.

NOTE The EXPRESS language (1SO 10303-11) primarily represents classes (as entity data types). Integration mod-
elsthat are defined using the EXPRESS language therefore need to use a complementary specification to represent in-
stances, such as encoding mechanisms (1SO 10303-21, 1SO 10303-28), instance representations (1SO 10303-12), or
EXPRESS constants.

— Themodelling language shall completely support the modelling principles and paradigm used for the inte-
gration model.

EXAMPLE If theintegration model includes the concept of classes being members of other classes, the modelling
language should include a capability to represent this relationship between the constructs that represent classes.

— Themodelling language shall include capabilities to define mapping specifications, or shall have a compan-
ion mapping language

5.2.2  Method description

This component of the methodology can apply to creation of a new integration model or to extension of an exist-
ing integration model.

5.2.2.1 Creating a new integration model

This activity isillustrated in Figure 8 below.

The method applied to creating an integration model may depend on the following:

— the modelling paradigm and principles applied in its devel opment and extension;

— the modelling language in which it is defined;

— the scope and context of the application models that it is intended to integrate.

An integration model that is defined using an entity-relationship language and paradigm shall include entity data
types that represent classes that occur in the application models that are being integrated, and may also include
entity instances that represent classes or individual s that occur in the applications models that are being inte-

grated.

An integration model that is defined using a logic-based language and paradigm shall include constructs that
represent classes and individuals that occur in the applications models that are being integrated.
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Figure 8 — Creating a new integration model
5.2.2.2 Extending an existing integration model

This activity isillustrated in Figure 9 below.
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Figure 9 — Extending the integration model
The method applied to extending an integration model may depend on the following:
— the structure and semantics of the existing integration model;
— the modelling paradigm and principles applied in its devel opment and extension;

— the modelling language in which it is defined.
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Subject to these dependencies, extension to an integration model may have one or more of the following charac-
teristics. For an entity-relationship model these are:

— creation of additional classes as specializations of existing classes in the integration model;
— creation of additional reference instances within the integration model.

For alogic-based model these are:

— creation of additional constructs within the integration model.

Such extensions shall not modify existing classes in the integration model since to do so can invalidate existing
maps between the integration model and other application models.

If it is necessary to develop a new integration model to satisfy the requirements of the application model(s) to be
integrated, then a mapping specification between the original integration model and the new integration model
shall be developed.

5.2.2.3 Creating a new integration model from an existing integration model

When an existing integration model can not meet the requirements of the application model(s) that areto be in-
tegrated, a new integration model can be created by modification of the existing integration model.

NOTE Modifying an integration model is distinguished from extending an integration model.
The methods described in 5.2.2.1 and 5.2.2.2 with the following additional constraints:

— theinitia integration model shall be regarded as an additional application model to be mapped to the new
integration model, or

— each application model that isintegrated using the initial integration model shall be integrated with the new
integration model.

5.2.3 Post conditions

On completion of the process of defining or extending an integration model, the following post conditions shall
be satisfied.

— The scope of the integration model shall completely cover the scope(s) of the application model(s) to be
integrated.

— All voidsin the integration model during the requirements analysis phase (see 5.1) shall befilled by exten-
sionsto the integration model.

— The semantic relationships that have been discovered between the concepts of the application model(s) and
the integration model shall be documented.

NOTE It may not be possible to verify that these post conditions have been satisfied until the mapping specification(s)
for the application model(s) being integrated have been created.

5.3 Identifying a subset of the integration model

The purpose of this activity is to identify the subset of the integration model that precisely correspondsto the
application model. In order for mappings between the integration model and multiple application models to be
managed, the identity of each application model-specific subset shall form a part of the integration model. The
integration environment shall therefore include capabilities that allow subset identifications to be recorded.
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EXAMPLE If theintegration model and application models of interest are defined in EXPRESS, the integration model
subset can be declared using interface statements in the declaration of an EXPRESS-X view or map that defines the mapping
specification to the application model.

This activity isillustrated in Figure 10 below.

application integration
model concepts model concepts

integration
model subset —
subset
selection

Figure 10 — Identifying a subset of the integration model

In many cases the subsetting and mapping activities are iterative, in that the extent of the integration model sub-
set may not be fully determined until all the constructs of the application model have been mapped.

5.4 Mapping between the application model and the identified integration
model subset

The purpose of this activity isto document, in an unambiguous and computer-interpretable form, all the relation-
ships between constructs of an application model and the corresponding subset of an integration model.

Mapping specifications specify the transformations that determine how the instances of one model can be repre-
sented as instances of another model. Mapping specifications are used in two ways, as follows.

The mapping specification can describe the mapping transformations between a subset of an integration model
and a pre-existing application model that governs data that is separate from that governed by the integration
model. In this case the mapping specification describes the transformations that enabl e assertions of equivalence
of instances of one model to be made with respect to instances of the other.

The mapping specification can describe the mapping transformations between a subset of an integration model
and an application model that is used as an application view. In this case the mapping specification describes
how instances in the application view are created from instances in the integration model.

The following assumptions apply to the mapping specifications that are created during the integration process.
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— New concepts or constraints are not introduced in the mapping specification; mapping specifications are
limited to transformations of structure, terminology, and encoding.

— A mapping specification that is defined declaratively shall represent the mapping in both directions.

— A mapping specification that is defining procedurally shall represent each direction of the mapping sepa-
rately.

5.4.1 Preconditions

54.11 Mapping languages

Choice of a mapping language depends on the nature of the mapping specifications to be created. A mapping can
be described by several specifications each addressing only one part or stage of the mapping; different mapping
languages can be used fore these different parts of the overall mapping specification.

NOTE Inappropriate choice of mapping language can lead to limitations on the models that can be mapped

Mapping languages should provide the following capahilities:

— gpecifying mappings based on data types;

NOTE 1 A mapping specification that relates one data type to another is a shorthand for stating that each instance of
one datatype is mapped to a corresponding instance of another data type.

— gpecifying mappings from one data type to another data type, specifying mappings from one datatype to a
combination of data types, specifying mappings from a combination of data types to one data type, and
specifying mappings from one combination of data types to ancther;

NOTE 2 Mapping specifications that involve a combination of data types often require a query statement or expression
to define the extent of instances for which the mapping isvalid.

— identifying collections of instances for which a mapping is specified;

NOTE 3 Collections of instances can be specified based on data types, attribute values or value ranges, relationships,
reference paths, or any combination of these.

— specifying mappings that associate a data type in one application model with a specified instance or collec-
tion of instances in another application model;

EXAMPLE1 An entity datatype pump in an application model may map to an instance of amore general entity
datatype class_of physical_object in an integration model, where the name of the instance is constrained to be
‘pump’.

— gpecifying transformations between data val ues;

EXAMPLE 2  An entity data type per son with asingle-valued attribute name may map to an entity data type with
two attributes first_name and last_name. The transformation from the second model to the first is concatenation of
attribute values; the transformation in the other direction requires parsing of the source attribute value.

EXAMPLE 3 Different models may use different units of measure for representation of physical quantities such as
length or mass.

— gpecification of mappings that are based on repeated patterns that may be parameterized.

EXAMPLE4 In EXAMPLE 1 above, the association of a name with aclassin the integration model may involve
related instances of several different entity data types. By identifying this combination as a template for other mappings,
the mapping specification can be simplified and made more consistent.

— definition of variables within the name space of each model that is part of the mapping.
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5.4.2 Method description

The activities of analysis (see 5.1) and subsetting (see 5.2.3) establish a data specification (an integration model
subset) that is semantically equivalent to the application model. Thisintegration model subset will, however, in
the general case differ from the application model in its structure and/or its terminology. The mapping activity
therefore establishes and describes the transformations that are applied to data that conforms to the integration
model subset such that it conforms to each of the application models (and vice versa). The mapping activity is
illustrated in Figure 11 below.

application integration
model concepts model concepts
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mapping
specification

integration
model subset

Figure 11 — M apping between the application model and the integration model subset
Theresult of this activity is a mapping that characterizes the following:

— the correspondence of each construct in the application model with constructsin the identified subset in the
integration model subset;

— the correspondence of each construct in the integration model subset with constructsin the identified subset
in the application model.

The following constraints apply to these components of the mapping:

— every construct in the application model shall have a defined correspondence with one or more constructs of
the integration model subset;

— every constraint in the application model shall have a defined correspondence with one or constraintsin the
integration model or in the mapping.

The mapping between the integration model and each application model that is integrated with it shall be re-
corded as part of the integration environment.

5.4.3 Post conditions

The overall activity of integrating an application model is complete when the following specifications have been
completed and validated:
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— the subset of the integration model that precisely corresponds to the semantics of the application model;

— the mapping specification that defines the transformations between the application model and the identified
integration model subset.
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Annex A
(normative)

Information object registration
To provide for unambiguous identification of an information object in an open system, the object identifier
{iso standard 18876 part{2} version {1}}

isassigned to this part of 1SO 18876. The meaning of this value is defined in |SO/IEC 8824-1, and is described
in 1SO 10303-1.

NOTE  Thisisthe object identifier that will apply to the published (1S) version of this part of SO 18876.

The reference to Part 1 of STEP assumes that the second edition of Part 1 defines usage of ASN.1 identifiersthat is not lim-
ited to 1SO 10303.
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Annex B
(informative)

Description of the integration process
This annex describes the integration process using an activity model. The activity model uses the IDEFO tech-
nique [10] and is presented as a set of figures that contain the activity diagrams and a set of definitions of the
activities and the flows between them.

NOTE For ease of presentation the abbreviations AM and IM are used in these IDEFO diagrams to standard for applica-
tion model and integration model respectively.

B.1 Integrate application models (A-0)

The context diagram for this description of the integration process is shown in Figure B-1.
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Figure B-1 — Integrate application model (A-0)
The activity and flows shown in Figure B-1 are defined as follows.

B.1.1 Application domain experts
people with knowledge of the processes and information supported by an application model (mechanism)
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B.1.2 Application model(s)
see 3.1.1 (input)

B.1.3 Candidate integration model(s)
integration model (s) whose model context covers that of the application model(s) to be integrated (input)

B.1.4 Information requirements
models, documents, sample data, diagrams, and other descriptions of the information used within a specific ap-
plication domain (control)

B.1.5 Integrateapplication models
apply the methods specified in this part of SO 18876 in order to represent the concepts, structure, terminology,
and constraints of an application model in terms of an integration model (A0Q)

B.1.6 Mapping specification
see 3.1.16 (output)

B.1.7 Meodelling paradigm and principles
rules, guidelines, and practices that apply to the integration and modelling activities (control)

B.1.8 Modelling/integration experts
people with knowledge and experience of developing and using integration models and creating mapping speci-
fications between application models and integration model (mechanism)

B.1.9 Modedling/integration tools
software and other tools used to create, validate, and publish models, mapping specifications, and other specifi-
cations (mechanism)

B.1.10 Madified application model
revised representation of the information used within a specific application domain (output)

NOTE Some scenarios preclude modification of the application model. For example, if the application model isin use
by one or more application systems then it may be inappropriate to change it in the integration process.

B.1.11 Selected/updated integration model
integration model that has been selected as suitable to integrate one or more application models; the integration
model may be extended as part of the integration process (output)

B.2 Integrate application model (AO)

The decomposition of this activity is shown in Figure B-2.
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Figure B-2 — Integrate application model (A0)

B.2.1 Analyzerequirements

review the application model and/or other sources of information about the requirements of one or more applica-
tion domainsin order to select or create a suitable integration model the covers the required model context and
model scope (A1)

B.2.2 Application domain experts
see B.1.1 (mechanism for A1)

B.2.3 Application model context
the model context (see 3.1.18) of an application model (output from A1; control on A3 and A4)

B.2.4  Application model(s)
see 3.1.1 (input to A1)

B.2.5 Candidateintegration model(s)
seeB.1.3 (input to Al)

B.2.6 Create/extend integration model
develop an integration model that covers the scope and context of the application model(s) to be integrated, or
extend an existing integration model to meet these requirements (A2)

B.2.7 High level mappings
initial mappings of concepts in the application model (s) and concepts in the integration model (output from A1,
control on A2 and A3)

B.2.8 Identify integration model subset
select the constructs of the integration model that satisfy the concepts and constraints of the application model
(A3)

B.2.9 Information requirements
see B.1.4 (control on A1)

26 © 1SO 2001 — All rights reserved



ISO TC184/SC4/WG10 N338 ISO/CD TS 18876-2

B.2.10 Integration issues
issues against the integration model resulting from the integration and mapping processes (output from A3 and
A4; control on A2)

B.2.11 Integration model voids
concepts that are present in an application model but are missing from an integration model with which the ap-
plication model isto be integrated (output from A1, control on A2)

B.2.12 Create mapping specification
define how instances of each model are mapped to instances of the other (A4)

B.2.13 Mapping specification
see 3.1.16 (output from A4)

B.2.14 Madified application model
see B.1.10 (output from A1, control on A3 and A4)

B.2.15 Selected integration model
integration model that has been chosen in order to integrate one or more application models, or is capable of
extension to do so (output from A1, input to A2)

B.2.16 Selected/updated integration model
see B.1.10 (output from A2, control on A3)

B.3 Analyze requirements (Al)

The decomposition of this activity is shown in Figure B-3.
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Figure B-3— Analyzerequirements (A1)
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B.3.1 Additional application model concepts
concepts within the scope and context of the application model that are discovered by analysis of the existing
application model and additional information requirements (output from A12, control on A13)

B.3.2 Analysisresults
understanding of the concepts represented by the application model based on knowledge of other application
models and existing integration models (output from A11, control on A12 and A13)

B.3.3 Application domain experts
see B.1.1 (mechanism for A11 and A12)

B.3.4 Application model context
see B.2.3 (output from A12, control on A14)

B.3.5 Application model(s)
see B.1.2 (input to A11)

B.3.6 Candidate integration model(s)
see B.1.3 (input to A14)

B.3.7 High level mappings
see B.2.7 (output from A15)

B.3.8 Identify implicit requirements
discover and document reguirements within the scope and context of the application model that are not explicitly
represented by the constructs of the application model (A12)

B.3.9 Identify integration model correspondence
establish the high level mappings between the concepts of the application model and those of the selected inte-
gration model (A15)

B.3.10 Information requirements
see B.1.4 (control on A12)

B.3.11 Integration model voids
see B.2.11 (output from A15)

B.3.12 Modelling paradigm and principles
see B.1.7 (control on A13)

B.3.13 Modify application model
revise the structure and content of the application model in order to increase its quality and consistency (A13)

B.3.14 Review application model concepts
assess the concepts represented by the application model in order to fully understand the problem domain for the
integration process (A11)

B.3.15 Select integration model
identify an integration model whose model context covers that of the application model(s) to be integrated (A14)

NOTE In order to ensure reusability of integration models, this activity should consider awider context than just that
defined by the application model(s) to be integrated.

B.3.16 Selected integration model
see B.2.14 (output from A14, control on A15)

B.3.17 Madified application model
see B.1.10 (output from A13, control on A14 and A15)
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B.4 Create/extend integration model (A2)

The decomposition of this activity is shown in Figure B-4.

IM voids integration issues
N
selected IM Identify IM equivalent IM concepts
— | conceptsto )
be mapped
A2l
integration
approximate Create ISSUeS
IM concepts additional IM
constructs
A22 ; ’
new IM Y selected/
constructs updated IM
\_ > Update IM -

A23

Figure B-4 — Create/extend integration model (A2)
B.4.1 Approximateintegration model concepts
concepts that are represented by constructs of the selected integration model whose meaning corresponds to, but
isnot identical to, the voids identified (output from A21, control on A22)

EXAMPLE Anintegration model construct that represents a generalization of a concept required by a specific application
model is an approximate integration model concept

B.4.2 Createadditional integration model constructs
develop new constructs that extend the integration model to fill the identified voids (A22)

B.4.3 Equivalent integration model concepts
existing integration model concepts whose meaning and constraints precisely match those previously identified
as voids (output from A21, control on A23)

NOTE Such equivalence may be discovered as aresult of resolving differencesin model representation or terminology.

B.4.4 ldentify integration model conceptsto be mapped
discover integration model concepts whose meaning and constraints cover those of the identified voids (A21)

B.4.5 Integration issues
see B.2.10 (control on A21, output from A23)

B.4.6 Integration model voids
see B.2.11 (control on A21)

B.4.7 New integration model constructs
extensions to the integration model (output from A23, control on A24)

B.4.8 Selected integration model
see B.2.14 (input to A21 and A24)
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B.49 Selected/updated integration model

see B.1.10 (output from A24)

B.4.10 Updateintegration model

revise the definitions, diagrams, and other specifications that describe the integration model following appropri-
ate documentation and quality methods

B.5 Map application model to integration model subset (A4)
The decomposition of this activity is shown in Figure B-5.
high

modified IM level AM
AM subset mappings context

(l) (l) (l) (l)

structure mapping issues integration issues
Establish PP “ -
structural .
: structural mapping spec. (
mapping spec. apping p , >
A4l .
mapping
1 specification
terminology issues
Establish
terminology . :
mapping Spec. terminology mapping spec.
A42
encoding
_ issues
Establish —
encoding

mapping spec. _
A43| encoding mapping spec.

Figure B-5— Map application model to integration model subset (A4)

B.5.1 Encoding issues
integration issues arising from the assessment of encoding transformations (output from A43)

B.5.2 Encoding mapping specification
mappings specification between the encodings of the application model and those of the integration model subset
(output from A43)

B.5.3 Establish encoding mapping specification
identify mapping specification between the encodings of the application model and those of the integration
model subset (A43)

B.5.4 Establish structural mapping specification

identify mapping specifications between the structure of the application model and that of the integration model
subset (A41)
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B.5.5 Establish terminology mapping specification
identify mapping specifications between the terminology of the application model and that of the integration
model subset (A42)

B.5.6 Integration issues
see B.2.10 (output from A41, A42, and A43)

B.5.7 Mapping specification
see B.1.6 (output from A41, A42, and A43)

B.5.8 Structural mapping specification
mapping specifications between the structure of the application model and that of the integration model subset
(output from A41)

B.5.9  Structure mapping issues
integration issues arising from the assessment of structural transformations (output from A41)

B.5.10 Terminology issues
integration issues arising from the assessment of terminology transformations (output from A42)

B.5.11 Terminology mapping specification

mapping specifications between the terminol ogy of the application model and that of the integration model sub-
set (output from A42)
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Annex C
(informative)

Checklist for integration and mapping processes

This checklist can be used to ensure that all required stages in the integration and mapping process have been
follows.

NOTE An electronic version of this checklist is available from the Internet:

<http://ww.isol8876. org/ checklists/

C.1 Analysis of the requirements

C.1.1 Preconditions

Application model (see5.1.1.1)

Yes No N/A

1 O o O Definitions, diagrams, and other specifications that describe the application model are
available.

2 O o O Example data popul ations that illustrate usage of the data mode! are available and have
been used

3 O o 0O Application domain experts have been consulted to provide information about the use
of the application model in different implementations

Modelling language used for the application model (see 5.1.1.2)

4 O o O The documentation that describes the application model states the assumptions, usage
practices, and other supporting information that characterizes the way in which the
modelling language used represents the model.

C.1.2 Method application

Selection of an integration model (see 5.1.2.1)

5 O o O The model context (see 3.1.18) of the selected integration model includes the model
context of the application model(s) that are being integrated.

6 O o O If more than one possible integration model is available, the selected integration model
has a model scope (see 3.1.19) that is closest to or overlaps with the scope of the appli-
cation model(s) that are being integrated.

Analysis of application model concepts (see 5.1.2.2)
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7 O o O All relevant implicit concepts been discovered or documented.
The following questions should be answered for each concept that is represented in the application model.

g O o O There is a synonymous concept in the integration mode! (same meaning, different
name).

9 O o O There is an homonymous concept in the integration model (same name, different mean-
ing).

10 O o O Thereisan identical concept in the integration model (same concept with the same
structure and constraints)

11 O o 0O There is a compatible concept in the integration model (same concept with the different
but non-conflicting structure and constraints)

12 O o O There is an incompatible concept in the integration model (same concept with the dif-
ferent and conflicting structure and constraints)

13 O o O The application model concept is complex (corresponds to a group of two or more
concepts in the integration model)

14 O o O The application model concept is partitioned (a group of two or more application
model concepts correspond to one concept in the integration model)

15 O o O The application model concept has no equivalent in the integration model (which there-
fore will be extended or changed)

C.1.3 Post conditions

Output of the analysis activity (see 5.1.3)

16 O o O An integration model has been selected

17 O o O The selected integration mode! will require extension

18 O o O The selected integration model will form the basis for a new integration model!

19 O o O There is no available integration model that meets the requirements of the application
model(s) to be integrated.

20 O o 0O The semantic rel ationships between the concepts of the application model and the cho-
sen integration model have been documented.

21 O o O Voids discovered in the chosen integration model have been documented.

C.2 Defining and extending an integration model

C.2.1 Preconditions

Integration model (see 5.2.1.1)

22 O o O The integration model has the characteristics defined in 1SO 18876-1, 5.1.2.

23 O o O Definitions, diagrams, and other specifications that describe the integration model are
available
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available

24 O o O Examples of application models that have been integrated with the integration model,
and their associated mapping specifications, are available

25 O o O The analysts undertaking the integration are familiar with the integration and its use to
integrate application models

26 O o O Computer tools are available that represent the integration model and support the crea-
tion of mapping specifications

Modelling language (see 5.2.1.2)

27 O o O The modelling language used to represent the integration model can represent classes
and individuals within a single model.

28 O o O The modelling language used to represent the integration model can only represent
classes but has a complementary instance representation language that can represent
individuals as part of a single model

29 O o O The modelling language completely supports the modelling principles and paradigm
used for the integration model.

30 O o O The modelling language has capabilities to define mapping specifications

31 O o O The modelling language has a companion mapping language.

C.2.2 Method application

Creating a new integration model (see 5.2.2.1)

32 O o O The integration mode! is consistent with the modelling paradigm and principles applied
in its devel opment.

33 O o O The integration mode! satisfies the requirements of the application model(s) that it in-
tegrates

34 O o 0O The model scope and model context of the integration model are understood and
documented

For an entity-relationship integration model:

3 O o O Integrated concepts are specified as classes in the integration model or as reference
instances within the integration model

For alogic-based integration model:
36 O o O Integrated concepts are specified as constructs within the integration model

Extending an existing integration model (see 5.2.2.2)

37 O o O The integration mode! is consistent with the modelling paradigm and principles applied
in its devel opment.

38 O o O The integration mode! satisfies the requirements of the application model(s) that it in-
tegrates
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39 O o O The extensions to the integration model are consistent with itsinitial content and are
accurately related to itsinitial content

40 O o O Theinitial integration model is a subset of the extended integration model

For an entity-relationship integration model:

41 O o O Extensions are specified as specializations of existing classes in the integration model
or as additional reference instances within the integration model

For alogic-based integration model:

42 O o O Extensions are specified as additional constructs within the integration model

Creating an integration model from an existing integration model (see 5.2.2.3)

43 O o O The integration mode! is consistent with the modelling paradigm and principles applied
in its devel opment.

44 O o O The integration mode! satisfies the requirements of the application model(s) that it in-
tegrates

45 O o 0O Theinitial integration model mapped to the new integration model

46 O o O Each application model that is mapped to the initial integration model is mapped to the
new integration model

For an entity-relationship integration model:

47 O o O Integrated concepts are specified as classes in the integration model or as reference
instances within the integration model

For alogic-based integration model:

48 O o O Integrated concepts are specified as constructs within the integration model

C.3 Identifying a subset of the integration model
Results of the subset identification activity (see 5.3).

49 O o O The subset of the integration mode! that precisely corresponds to the application model
has been identified

50 O o O The identity of the integration model subset has been recorded as part of the integration
model
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C.4 Mapping between the application model and the identified
integration model subset

C.4.1 Preconditions

M apping language (see 5.4.1.1)

51 0 0O O The mapping language chosen can represent mappings based on data types

52 O o O The mapping language chosen can represent mappings between different combinations
of datatypes

53 O o 0O The mapping language chosen can identify collections of instances for which a map-
ping is specified

54 0O O O The mapping language chosen can represent a mapping between a data type and a col-
lection of instances

55 O o 0O The mapping language chosen can represent transformations between data val ues

56 O O O The mapping language chosen can represent paramaterized mappings based on re-
peated patterns

57 O o O The mapping language chosen supports variables within the name spaces of the models
being mapped

C.4.2 Method application
Results of the mapping activity (see 5.4.2)

58 O o O The mapping specification characterizes the correspondence of each construct in the
application model with constructs in the integration model

59 O o O The mapping specification characterizes the correspondence of each construct in the
integration model subset with constructsin the application model

60 O o O Each construct in the application model has a defined correspondence with one or more
constructs in the integration model

61 O o O Each congtraint in the application model has a defined correspondence with one or
more constraints in the integration model or in the mapping specification

62 O o 0O The mapping between the application model and the integration model is recorded as
part of the integration environment

C.4.3 Post conditions
Outputs of the mapping activity (see 5.4.3)

63 O o O The subset of the integration model that precisely corresponds to the semantics of the
integration model has been identified and validated

64 O o O The mapping that defines the transformations between the application model and the
integration model subset has been specified and validated
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Annex D
(informative)

Technical discussions

D.1 Models, data, and data models

Discussion of models (including data models) needs to differentiate between the contents of the model and what
the model represents. In the case of physical modelsthisis clear: there is no problem is distinguishing a 1:100
plastic model of the Eiffel Tower from the actual Eiffel Tower in Paris. There are clear differencesin the charac-
teristics of the model and what it represents.

In the case of data models, however, this distinction may be less clear since the model and its subject share many
characteristics. Figure D-1 illustrates the relationships between a data model and its subject.

subject of
the model model
A A
~ ~ —~
class ' data type
:
!
represents name
————0
1
; monument olace
——=— 0
:
1
1
: A
classmember '
T
: class’member
|
1
1
1
: \j
|
| #100=MONUMENT(' Ei ffel Tower',
- Paris');
represents
:
1
1
1
1
1
individual ' data instance
1

Figure D-1 — Relationship between a model and its subject

Figure D-1 illustrates a very simple data model whose subject is monuments. The objects of interest for this
model (i.e., its model scope or universe of discourse) are individual things such the Eiffel Tower, the Empire
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State Building, the Pyramids of Giza, and Albert Memorial that are members of class called “monuments’®. The
model consists of adeclaration of a data type in the EXPRESS language (1SO 10303-11); the identifier of this
data type is monument. This entity data type represents or stands for the class called “monument”, and allows
computer systems to store or interchange information (as data values) about monuments. In this case, the infor-
mation of interest is represented by the attributes of the data type, i.e., the name of the monument and its loca-
tion.

Aswell as representing the class “monument”, the entity data type monument isitself a class, whose members
are data values or instances that conform to the structure defined by the entity data type declaration. Instances of
data types defined in EXPRESS can be encoded according to 1 SO 10303-21 — the sequence of charactersintro-
duced by #100 in Figure D-1 is such an encoded instance. Thisis both a member of class defined by the data
type monument (the data structure conforms to that declared in the entity data type and the data values conform
to the data types and constraints declared for its attributes), and also represents an individual (the Eiffel Tower)
that is a member of the class “monument” represented by its data type. This second link can in part be inferred
the following statements:

— #100 isamember of the class defined by monument (instance of the data type);

— the datatype monument represents or stands for the class “monument”;

— theEiffel Tower isamember of the class “monument”.

The last part of the link, that #100 represents the Eiffel Tower, and not some other member of the class “ monu-
ment”, depends on the ability of an interpreter of the data values (human or computer) to relate the character

sequences ‘Eiffel Tower’ and ‘Paris’ to the actual structure in the capital city of France.

NOTE In the situation illustrated by Figure D-1, data values/instances can also represent classes if the data model con-
tains data types that represent classes whose members are themselves classes. For example, an EXPRESS entity data type
class can be defined to represent the class whose members are (all) other classes. If the data type is declared as follows:

ENTI TY cl ass;
narme . STRI NG
END_ENTI TY;

then an instance encoded as:

#101=CLASS(' nmonunent ') ;

represents a class called “monument” — possibly the same class as represented by the entity data type monument
in the model fragment shown in Figure D-1.

In this International Standard, the term “concept” is used to refer to classes and other ideas that are the subjects

of (data) models; the term “construct” is used to refer to elements of (data) models that stand for or represent
concepts.

D.2 Contexts of application models

The context of amodel isthe sum of constraints that limit the ability to extend the scope of the model without
changing any of existing declarations. These constraints include:

— activities that produce or use the data;

— organizations that produce or use the data;

3 The following typographical convention is used in this Annex: names of classes are enclosed in quotation marks“...";
names of datatypes are set in bold font.
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— concepts that the model is*about” but are not explicitly represented in the model;

— congtraints inherent in the structure of the model.

The following techniques can be used to discover the context of an application model.

— Theactivities that produce or use data can be determined through analysis of one or more suitable activity

40

models. The purpose and viewpoint of each activity model should be taken into account, particularly in the
case of data flows that are inputs or outputs of the primary activity described by the activity model.

EXAMPLE1 An activity model whose primary activity is “process order” has an input named “purchase order”.
The viewpoint of the activity model isthat of a manager of a parts-supply enterprise. Neither the activity model nor the
application data model that isto be integrated states explicitly that the purchase order is addressed to the parts-supply
enterprise. Thisis aconstraint on the application model, asit cannot handle purchase orders addressed to any other
organization.

The organizational responsibility for production and control of each element of datain the application
model should be determined and taken into account.

EXAMPLE 2  Identifiers, names, and descriptions of items are often unique to an organization but may be repeated
across multiple organizations. An application model may state that an attribute such as“ part number” is unique;
analysis of the application model should determine the organization(s) that define the scope of this uniqueness.

Other entities that are externa to the application model being analysed but which influence the validity or
utility of the data should be determined and taken into account.

EXAMPLE3  Examplesof such external entities include physical location, time zone, and registration authority.
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Annex E
(informative)

Worked examples

A number of worked examplesthat illustrate the methodology defined by this part of 1SO 18876 are available
from the Internet:

<http://ww.iso0l8876. or g/ exanpl es/ annex_e. htnl >
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